Farming aquatic plants can be used as an alternative in the treatment of effluents from aquaculture production units and in turn, in the production of biomass plant for feeding terrestrial and aquatic organisms. This research aims to evaluate the efficiency of duckweeds Spirodela sp. and Lemna sp. in the treatment of tilapia effluents (Oreochromis niloticus). The experiment was performed in triplicate and was conducted under natural environmental conditions within the facilities of the Laboratory of Applied Aquaculture Research (LAAR) of the Technological Institute of Boca del Río (ITBOCA). Each treatment contained 230 liters of effluent in each tube, with a water column of 40 cm and a seeding density of 400 g/m 2 of vegetative biomass. The evaluation of the efficiency of Spirodela sp. and Lemna sp., in the removal of dissolved nutrients, was performed in 7 monitoring times; 12, 24, 36, 48, 72, 96 and 120 h. The results showed an efficiency in nutrient removal at 120 h of 75, 74 and 66% of N-NH 3 ; 96, 92 and 75% N-NO 2 ; 93, 88 and 75% N-NO 3 ; 75, 72 and 64% N-NTK; 73, 60 and 58% of N-org., and 73, 63 and 68% of P. On the other hand, the removal of TSS and BOD5, during the first 24 h, was 83, 54, 58% and 65, 59, 33%, in the treatments. The efficiency in nutrient removal of both duckweeds, showed that both plants can be used in the treatment of effluents, being a sustainable and economical alternative for the aquaculture industry.
Introduction
One of the main constraints on aquaculture production is the high concentration of nutrients that are generated as a result of the excretions of fish, the provided food and other inputs used to control crop (Tacon & Foster, 2003) . Currently, the development model most used in Aquaculture Production Units (APU) is the intensive system, which makes the activity increasingly dependent on inputs such as; balanced food, electricity, hormones, antibiotics, etc. (Espinosa & Bermudez, 2012) .
In the state of Veracruz, most of the aquaculture production units of tilapia discharge their effluents directly, without previous treatment into bodies of surface water becoming a source of pollution for the aquatic environment (Palomarez-García, 2010) . These effluents include uneaten feed, metabolic excretions, feces, dead fish and organic and inorganic solid waste. If the flow of these compounds, into the environment exceeds the assimilative capacity of ecosystems; it could cause severe impacts, both in the water column and in benthos, such as; eutrophication, oxygen depletion and alteration of local biodiversity (IUCN, 2007) . The degree of environmental impact is straightly related to the production system used. These systems are: extensive, semi-intensive and intensive. As the system is intensified, a greater number of inputs and raw materials are used (Flores, González, & Prado, 2007) .
The environmental impact of aquaculture is an issue of global dimensions; freshwater aquaculture raises nutrient loading of river systems, which probably will intensify in the future. Much of the environmental impact of aquaculture is derived from the sum of individual farms. Although, environmental impact assessment and licensing and certification systems are required for individual intensive and for large-scale farms. There have not been approaches based on mitigation, nor management measures that collectively cover the overall impact of small farms. Some farms have an impact that affects their own culture systems, such as; generating hypoxia, fish kills or stress, or by creating conditions that favor the spread of disease (FAO, 2014) .
Production of aquatic macrophytes in aquaculture effluents is considered an alternative for reducing large volumes of nutrients discharged into water and soil of national assets. These macrophytes are characterized by being highly productive and present an accelerated growth factor that has caused the research being directed toward its control, with emphasis on its eradication; however, in many developing countries, this vegetation is used as feed for farm animals. Due to its high productivity it generates excellent crops. Besides, they do not require most of the agricultural work, or the purchase of inputs such as seeds and fertilizers (Pacheco, 2009) .
Ecosystems dominated by aquatic macrophytes are considered as the most productive in the world. Aquatic plants have the ability to assimilate nutrients and create favorable conditions for microbial decomposition of organic matter. For this reason, they are known as self-purifying for aquatic environments and are used in the treatment of wastewater (Brix & Schierup, 1989; Pardo, 2006; Miranda & Quiróz, 2013) . Macrophytes of the Lemnaceae family have shown great ability in the assimilation of nutrients. Under optimal growth conditions, such as nutrient availability, light and optimal water temperature, can double its biomass every two or three days. And achieve protein content between 15% and 45%, because they assimilate large amounts of nitrogen mainly in ammonium form and phosphorus in orthophosphate form. When used for the treatment of wastewater, they generate high quality biomass, because the ammonium is converted directly into protein. Among the potential uses of aquatic plants, we can refer to its operation as feed for cattle, sheep and pigs. They are used through the ensiling and drying process, then mixed with other feed; in feed for aquaculture production, in obtaining fertilizers, pulp or paper pulp production, for biological purification of wastewater and in the production of biofuels (Oron, 1994; Lallana, 1997; Zetina, 2010) .
According to Troell et al. (2005) comprehensive methods of biotransformation, besides bringing ecological and social benefits, allow additional production of food without other input costs. For this, it is necessary to perform carefully planned scientific studies to prove that aquaculture is a production alternative with great potential for sustainable growth (FAO, 2003; Pardo, 2006) . This research project aims to evaluate nutrient removal from tilapia effluents culture using aquatic macrophytes, Spirodela sp. and Lemna sp., as an alternative in effluents treatment and as protein production for supplementary feeding of their crops.
Methods
The experiment was conducted under natural conditions within the premises of the Laboratory of Applied Aquaculture Research (LAAR) of the Technological Institute of Boca del Río (ITBOCA).
Collection and Identification of Macrophytes
The collection of aquatic macrophytes Spirodela sp. and Lemna sp. was performed manually in wetlands of Medellín de Bravo, Ver., and 30 × 30 cm monofilament nylon net was used. The samples were stored in plastic bags with airtight seal and transported in a cooler at room temperature, to the Research and Aquatic Resources Laboratory (RARL) of the Technological Institute of Boca del Río. The identification of species and genus was performed with an ITALY OPTICS® stereomicroscope, with the taxonomic keys described by (Rzedowski et al., 2005; Landolt & Schmidt-Mumm, 2009; Mora-Olivo, 2013) .
Acclimation and Cultivation of Macrophytes
Macrophytes Spirodela sp. and Lemna sp. were washed with drinking water and rinsed with distilled water, allowed to drain for one hour and then weighed on a CQT 202 Core balance from Adam Equipment; 200 g of each gender were planted in tubs of 243 × 60.5 × 29 cm. The tubs were filled with effluent from (O. Niloticus) tilapia culture in juvenile stage (30 organisms) at a level of depth of 25 cm. The water was replaced every fifth day and 30% of the biomass was harvested each week. Acclimation and culture were for 30 days. Fish were fed three times a day with balanced food, Silver Cup® 3.5 mm (32% protein).
Experimental Unit
In a geomembrane circular pond of 0.8 × 1.5 m in diameter with a capacity of 4.95 m 3 , a semi-intensive culture of tilapia (O. Niloticus) in growing stage (120 organisms, 30 org/m 3 ) was maintained for 25 days. The organisms were fed three times a day, with a commercial diet of (5.5 mm Silver Cup®) 32% protein. 
Laboratory Analysis

Physico-Chemical Analysis of the Effluent
Effluent temperature and pH measuring were performance in situ directly in each of the tubs (treatment and control) of the experimental system; at time 0 (effluent), 12, 24, 36, 48, 72, 96 and 120 hours. An amount of 1.5 L of the effluent was collected in plastic containers and taken to the laboratory for the different physico-chemical determinations. For determination of total phosphorus, 500 ml of effluent were filtered through Whatman nitrocellulose membrane filters (45 mm, 0.45 μm). The remaining 1000 ml were fixed with H 2 SO 4 to get a pH less than 2. Filters and the acidified effluent were stored in refrigeration until their analysis. The average values of the physico-chemical characterization in the effluent are shown in Table 1 . Procedures corresponding to standardized methods for analysis of drinking water and wastewater were followed (APHA, 1995).
Chemical Composition of Duckweeds
Physico-chemical analyses of macrophytes were performed, in order to know the volume and composition of biomass produced. Macrophytes were harvested, weighed and dried in an oven at 60 °C. Determining the chemical composition of duckweeds was performed at the end of the experiment, according to official methods of analysis of AOAC (1995).
Assessment on Removal Efficiency
The relation proposed by Paniagua-Michel and García (2003) (Equation 1 ) was used to evaluate the removal efficiency (RE), expressed as a percentage, in the different treatments.
Statistical Analysis
The program Stadistic version 7.0 was used for analysis of variance (p < 0.05) and to determine significant differences between treatment and monitoring times. The test a posteriori Tukey (p < 0.05) was applied for multiple comparisons of means.
Results
RE percentages of ammonia nitrogen (NH 3 -N)
, nitrites (NO 3 -N), nitrates (NO 2 -N) and total phosphorus (TP), are shown in Figure 2 . A maximum value of 75% removal of NH 3 -N with Spirodela polyrrhiza at 120 hours was observed. The removal of nitrites and nitrates was higher at 120 h, 93 and 96%, respectively with Spirodela polyrrhiza. The phosphorus was removed with a maximum value of 73% both at 72 h, and at 120 hours with Spirodela polyrrhiza. Some differences between the times of monitoring and treatments are observed in Figure 3 , when statistical analysis is applied. Vol. 8, No. 12; 2016 194 The analysis of variance showed that there is no significant (Tukey, P < 0.05), with respect to monitoring times and concentrations of N-NH 3 , N-NO 2 and N-NO 3 . Statistical analysis confirmed that the % removal efficiency of N-NH 3 was the treatment of Spirodela polyrrhiza. In the case of total phosphorus, there are significant differences between treatments and control.
Biochemical Oxygen Demand (BOD 5 ) decreased in the first 24 hours, 65%, 59%, and 33% in treatments with Spirodela sp., Lemna sp. and control respectively. The percentage of removal of Total Suspended Solids (TSS), which decreased at 120 h, was 83%, 54% and 58%, in treatments with Spirodela sp., Lemna sp. and control respectively. The average pH value in the effluent was 7.4 and 7.3±0.12 in treatments with Spirodela sp. and Lemna sp. The control treatment showed the highest variation in pH of 7.8±0.58. The control treatment showed a decrease in nutrient concentration of 66% NH 3 -N, 88% P, and 58% TSS, after five days of treatment.
The chemical composition of duckweeds, after 120 hours of treatment, is summarized in Table 2 . 
Discussion
Waha et al. (2005) indicated that the capacity of absorption of nutrients by aquatic plants is related to the growth rate, the established population and the composition of plant tissue.
Al-Qutob and Nashashibi (2012) mentioned that duckweeds from the effluent prefer ammoniacal nitrogen as a nitrogen source and preferably will remove ammonia, even in the presence of high concentrations of nitrate. A greater efficiency than that reported by Obek and Hazar (2002) was obtained, where a removal of 90% of phosphorus was gotten with Lemna minor, which was cultivated in domestic wastewater during 6 days of treatment. The macrophyte Spirodela polyrrhiza, has been the most effective in removing nutrients. According to Brix and Schierup (1989) , Oron (1994) , Pardo et al. (2006) , Luchini and Huidobro (2008), and Miranda (2013) , aquatic macrophytes belonging to the family Lemnaceae have shown a great capacity in the assimilation of nutrients in the treatment of waste water, as can be confirmed in this study. Mohedano (2004) , worked with effluents from tilapia (O. niloticus) using Lemna valdiviana treatments and obtained removal percentages for NH3-N of 94.44%, phosphorus 96.30%, TSS 93.37%, and NO 3 91.72%, after 13 days of treatment. However, in this study similar removal rates were obtained in less time (five days).
The efficiency that these macrophytes have when assimilating nutrients is explained by Alaerts, Mahbubar, and Kelderman (1996) , they mention that bacteria and algae are responsible for nitrification and denitrification of compounds dissolved in water; where duckweed (Lemna sp.) may be responsible for the removal of 16 to 47% nitrogen and 9 to 61% phosphorus. Mohedano (2004) also reported high levels of removal in control treatment of 70.36% NH 3 -N, 63% P, and 70.33% TSS, but twice as long (13 days) in effluents from tilapia.
It is noteworthy that after the third day of acclimation of Lemna sp., yellow and white fronds, and necrosis began to be observed. Mohedano (2010) reported that the rapid mortality of macrophytes may be due to high levels of toxicity of NH 3 -N, wind, algae pollution, diseases, senescence, high density, lack of light, and CO 2 . Tolerances of NH 3 -N for tilapia culture are in the range of 0.6 to 2.0 mg/L. The level of NH 3 -N of the effluent at the beginning of the experiment was 4.14 mg/L. In this regard Abdalla, McNabb, and Batterson (1996) mentioned that tilapia (O. niloticus) can tolerate levels from 1.1 to 4.1 mg/L of NH 3 -N for long periods of time (up to 96 hours), showing a 50% mortality; however, during this experiment there was a mortality of 3.3%, the sensitivity of this species varies according to the size of the fish and the water temperature. Chen, Jin, Zhang, Fang, Xiao, and Zhao (2012) reported that the duckweed takes phosphorus and nitrogen from water. The nitrogen is first converted into ammonia and then taken up by the roots. For this reason, they have been used in diets for ducks, fish, and shrimp (Ponce, Febrero, González, Romero, & Estrada, 2005) . Statistical analysis applied, allowed us to observe that there was no significant difference between monitoring and treatment times, however in some cases it was noted that the control treatment had significant differences.
Conclusions
The efficiency of aquatic macrophytes Spirodela sp. and Lemna sp. were evaluated, which accomplished high nutrient removals. According to the results, the effluent from ponds of tilapia (O. Niloticus), can be considered an appropriate remedy to be implemented for aquatic macrophytes crops, in order to reduce nutrient concentrations that pollute the bodies of receiving water, which in turn generate biomass that can be used for feeding farmed organisms, reducing production costs. The proximate analysis performed in both macrophytes showed a high protein content and a suitable level of crude fiber, these results allow their use as aquaculture diets.
